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AN  ESSAY, 


Befoke  any  one  undertakes  the  stud}'- 
¥)f'  a  science,  he  must  have  some  hope  .that 
the  attainment  of  -it  will  repay  the  labour  of 
'the  investigation. ,  I  think  it  necessary, 
therefore,  previous  to  the  xrommencement  of 
a  course  of  lectures  on  , the.  Philosophy  of 
Chemistry,,  which  I  propose  to  deliver,,  tQ 
present  the  public -jVith  a  view  of  the  advan- 
tac^es  which  may  be  expected  from  them. 

History  affords  us  no  example  of  any  pe- 
riod in  which  the  sciences,  and  the  useful  arts, 
have  flourished  in  a  degree  superior  to  their 
present  state.  Chemistry,  indeed,  has  so 
Rapidly  improved,  that,  to  use  the  words  of  a 
Venerable  Philosopher,) //^Every  .year  of  the 
"  last  tw  enty  or  thirty  has  been  of  more  im- 

portance  to  that  science,  than  any  ten  in 

A  2  "  th« 
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"  the  preceding  century  *."  Much  of  this 
improvemcut -has,  undoubtectlj,  proceeded 
from  the  more  general  cultivation  of  all  the 
sciences  in  the  present  age.  Emerging  from 
the  college  and  the  cloister,  they  have  ob^ 
tained  admission  into  the  habitations  of  the 
thinking  part  of  every  class  of  society,  and 
have  excited  an  interest  equal  to  the  improve- 
ment they  have  gained.  The  absurd  dpinion, 
that  the  acquirements  of  Literature  and  Phi- 
losophy arc  mtompatible  with  the  pursuits  ot- 
the  man  of  business,  and  the  domestic  en- 
gagements of  the  female  world,  is  daily 
losing  ground.  Knowledge  of  a  speculative 
kind  is  eaiicrlv  sought  after ;  and  the  ma- 
nufadturcr  and  the  artist  find,  that  the  more 
they  possess  of  it,  the  more  capable  are  they 
to  avail  themselves  of  natural  powers  and 
agents  in  executing  their  plans;  By  reduc- 
ing to  practice  the  speculations  of  science, 
their  Droductibns  become  more  valuable  and 
f)erFe6t  ;  and,  with  the  increase  of  their  pro- 
Jits,  they  have  an  enjoyment  unknown  to 
their  predecessors,  in  the  possession  of  a  store 
*f  useful  and  elegant  information. 

Many  obstacles,  however,  oppose  them- 
selves 

♦  Pricstlcj-'s  Defence  of  the  Doctrine,  of  Phlogiston,  p.  C. 
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selves  to  tlie  majority  of  manufa6lurers  ^ii4 
artists,  who  "would  wish  to  improve  their  pro- 
dudtions  by  the  aid  of  philosophy.  To  be- 
come acquainted  with  that  branch  only  of  it, 
Nvhicii  is  intimately  comiedcd  M'ith  their  par- 
ticular art,  recjuii  Cs  an  acquaintance  with  the 
general  principles  of  the  M'hole,  which  the 
time  and  attention  required  by  their  other 
avocations  prevent.  They  are  disgusted  an4 
disappointed ;  and,  instead  of  endeavouring 
to  improve,  follow,  contentedlj^j  in  the 
usual  routine,  without  knowing  whyj-  or 
being  able  to  give  any  reason  for  their  diffe- 
lent  operations.  Hence,  if  the  abode  of 
science  be  approached  by  an  ascent  too  toil- 
some and  rugged  for  ordinary  travellers,  the 
discovery  of  a  more  accessible  path  must  be 
an  obje6l  of  much  importance.  " 

The  easiest  method,  by  ^vhich"  a' general 
knowledge  of  science  may  be  obtained,  is 
attendance  on  public^  le6lures. 

This  form  of  conveying  instru61ion  was 
practised  by  the  ancients,  especially  the 
(jirecks.  In  Ethi^cs^  the  cliief  science  which 
they  taught,  each  Philosopher  delivered  tlie 
opinions  of  his  sefl;  and  each  se6l,  according 
to  the  name  of  its  founder,  or  the  manner  iii 
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^'hick  lis  tenets  were  delivered,  received  it^l 
appellation ;  as  the  Platonists,  the  Epicu- 
feans,  and  the  Peripatetics*;  Such  a  method 
bf  extending  knowledge  was  peculiarly  suit- 
able at  a  time,  when  copies  of  books  could 
brily  be  tnultiplietl  by  the  greatest  labour  j 
but  iti  also,  possessed  other  advantages, 
^'htcli,  afttr  the  inventioii  of  printing,  in- 
jured the-  continuance  of  it  as  the  best  mode 
()f  ■  conveying  clemcntarv,  and  general  in-* 
ibiTiiatiori;  Till  latch',  however,  science  was 
tdnsidercd  too  sacred  to  be  approachecl  by 
tiny  but  die  learned^  LcfturCs  were  confined 
\6  univelv.itics;  and  delivered  in  a  language 
^■hich  the  learned  only  Undel'stood  :'  they 
\vHc  Idadcd  boj  particularly  those  on  Che- 
hiistry,  Avitli  a  technical  jArgon-,  M'hich  served 
fjiily  to  fatigue  the  memory,  and  disgust 
Ihe  enquirer.  Happily  these  evils  no  long-er 
tkist;  Th(3  torch  of  science  gleams  on  every 
V,-alk  df  life  ;  and  the  fatniUar  style  of  public 
kc^llires  recommends  theln  as  the  easiest 
inodc  of  receiving  general  knowledge.  The 

labou^' 

*  Yho.  'P(^riimtotrcs  jrecrivcd  ihcir  name  fr'ohi  the  cus- 
tom'     \vr:VKng  xi^  and  dtown  while  delivering  ttieii;  iicstiiic- 

In  sy h-as  acadcinicc  qucrcrc  vcrum."     1 1  o  u  a  c  e. 
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Jabour  of  study  to  the  inan  of  bmiaes^  i§ 
greatly  lessened ;  for  the  trouble  of  hstening 
only,  he  sees  ^.t  oije  view,  the  infpmiatipH 
that  has  been  drawn  ffom  numerous  spufc^s^ 
and  he  becpmes  possessor  of  the  results  p^ 
Jong  continued,  and  severe  study. 

In  an  experimental  science,  such  a^i  Clia- 
mistry  is,  this  mode  of  teaching  is  still  morg 
beneficial.  Where  every  proppsitjon  must  bo 
proved  by  an  appeal  to  the  senses,  little  ;cai| 
he  gained  from  the  study  of  books  ;  for,,  nh 
though,  frpm  the  perspicuity  of  3,  descriptiop, 
the  student  is  able  to  comprehend  aji  ejjppi 
yiment  which  an  author  relates,-  yet,-  sopxe 
doubts  "\vill  remain  which  sccingfthe  experii 
jnent  performed,  or  perforniiiig  it  hiiiaseltj; 
can  only  remove.  To  illustrate  this  by 
ejfample  : — Suppose  a  person,  wjio  is  begia^ 
jng  the  study  of  Chemistry,  'to  read,  that  twq 
fluids,  M'hose  individual  temperatures  dfi  n.QS 
raise  the  mercury  in  Farenheit's  Thermoniptef 
above  40-,  shall  on  being  mixed  raisp  the 
mercury  to  180?  or  200";  ai-4  that  thi.?:  14 
owirfg  to  the  capacit}-  of  the  compound  fu| 
heat  being  less  than  that  of  the  componentSi 
He  may  conceived  very  correctly,  the  eftepl 
of  the  experiment,  and  undevstand  the  fenn^ 
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tiscxl  in  the  explanation  of  it ;  but  a  result  so 
different  from  that  which  he  has  been  accus- 
tomed to  observe,  leaves  a  doubt  on  his  mind, 
and  gives  something  of  the  air  of  mystery  to 
the  narration,  which  an  appeal  to  the  senses 
^vx)uld  instantly  dissipate.  How  little  satis- 
faction, therefore,  can  a  student  receive  from 
the  perusal  of  authors  who  describe  the  com- 
plex operations  of  Chemistry.  Experiments, 
when  seen,  are  the  most  convincing  proofs  of 
the  propositions  of  natural  pliilosophy  ;  they 
have,  besides,  a  power  of  arresting  the  atten- 
tion of  the  indifferent  observer  by  a  display  of 
striking  and  extraordinary  phenomena  ;  and 
<hey  awaken  curiosity  to  search  further  into 
the  nature  of  the  subject  which  they  illus- 
trate. In  pursuing  the  enquiry,  other  ap- 
pearances, equally  impressive  as  the  first,  will 
present  themselves,  and  augment  the  ardour 
6f  research  ;  and,  thus,  many  persons,  who 
by  no  other  means  could  have  been  induced 
to  follow  out  a  long  chain  of  reasoning,  arc 
led,  step  by  step,  to  the  knowledge  of  general 
jprinciples,  and  obtain  possession  of  the  most 
useful  and  most  brilliant  truths  in  science. 

Public  Ict'^ures,  especially  those  on  expe- 
Hmcntal  philosophy,    tend  to  enlarge  the 

ininds, 
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minds,  and  improve  tlie  taste  of  tlie  fair  se?£  ; 
and,  therefore,  add  much  to  the  enjoyments 
of  social  intercourse. 

Whatever  increases  our  knowledge  of  the 
obje6ls  which  surround  us  will  necessarily 
strengthen,    and   summon  into  action,  the 
energies  of  .the' mind.    The  confusion,  that, 
to  thi3  uninformed,  appears  to  exist  in  the  ma- 
terial world,  is  removed  by  experimental  sci- 
ence; which  exhibits  throughoui;  the  whole 
univerise  the  Utmost  btaut}'  and  regularity  of 
disposition,  and  the  best  association  of  ia<5Hoii 
among  the  various  parts  for  their  mutual  sup- 
port and  preservation.    The  vegetable  system 
is  admired  by  the  ignorant,  for  the  beauty  of 
the  colours  and  variety  of  form  of  its  leaves 
and  blossoms.   The  pleasures  Avhich  these  pro- 
perties of  plants  aftbrd  to  the  sense  of  sight  is 
equally  enjoyed  by  the  scientific  observer  ; 
and  he  receives,  besides,  a  niuch  higher  addi- 
tional  pleasure  from  an  acquaintance  with  the 
law,5  by  wliich  their  ecoitdmy  is  regulated"; 
from  viewing  the  vegetable  kingdom  as  tlie 
balance,  in  the  opposite  scale  of  •  riiingsj  io 
the  animal ;  and  ftdm  knowing  that  the  indi- 
vidual existence  of  animals  and  vegetables 
depends  on  the  joint  existence  of  both.  In 

IS  support 
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support  of  these  observations,  I  canno.t  refraiiu 
from  quoting  the  words  of  a  favourite  autlior, 
whose  memory  is  not  less  clear  to  this  country, 
than  to  the  lovers  of  literature  in  every  part  of 
the  civilized  world.  "  The  charaders  of  na- 
"  ture,"  says  Burke,  "  are  legible  it  is  true  ; 
"  but  they  are  not  plain  enough  to  enable 
"  those  who  run  to  read  them.  We  must 
"  make  use  of  a  cautious,  I  had  almost  said, 
"  a  timorous  method  of  proceeding*.  We 
"  must  not  attempt  to  fly,  Avhcn  we  can 
"  scarcely  pretend  to  creep.  In  considering 
"  any  complex  matter,  we  ought  to  exa- 
"  mine  every  distin6l  ingredient  in  the  com-" 
"position,  one  by  one;  and  reduce  every 
"  thing  to  the  utmost  simplicity;  since  the 

condition  of  our  nature  binds  us  to  a  stri6l 
"  law  and  very  narrow  limits.  We  ought 
"  afterwards  to  examine  the  principles  of 
"  the  effect  by  the  composition,  as  well  as 
"  the  composition  by  that  of  the  priixciples. 
"  We  ought  to  compare  our  subj,e6l  with 
"  things  of  a  similar  nature^  and  even  with 

things  of  a  contrary  nature ;  for  discoveries 
"  may  be  and  often  are  made  by  contrast, 
"  which  would  escape  us  on  the  single  view. 

The  greater  number  of  comparisons  '  we 

"  make, 
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make,  the  more  general  .and  more  certain 
"  our  knowledge  is  likely  to  prove,  as  built 
"  upon  a  more  extensive  and  pcr-fecl;  in- 
''^  duftion. 

"  If  an  enquiry,  thus  carefully  conduced, 
"  should  fail  at  last  of  discovering  the  truth, 

it  may  answer  an  end  perhaps  as  useful,  in 
"  discovering  to  us  the  weakness  of  our  own 
"  understandino-.  If  it  does  not  make  us 
"  knowing,  it  may  make  us  modest.    If  it 

does  not  preserve  us  from  error,  it  may  at 
"least  fl'om  the  spirit  of  error;    and  may 

make  us  cautious  of  pronouncing  with  posi- 
"  tiveness  or  with  haste,  when  so  much  la- 
"  hour  may  end  in  so  much  un  e  ainty*." 

The  possession  of  experimental  knowledge 
must  improve  taste,  as  it  developes  the  prin- 
ciples from  which  the  obje^ls  of  taste  are  com- 
posed. Indeed  the  habit  of  close  and  atten- 
tive obsei-vation  is  ,of  itself  a  great  source  of 
improvement.  Many  natural  produ6iions, 
generally  neglecled,  or  looked  upon  as 
trifling,  afford  the  experimentalist  much  plea- 
sure and  instru6tion.  He  considers  no  work 
of  nature  too  mean  for  his  inquiry  ;  but  finds 

B  2  every 

.  *  Vide  Treatise  on  the  Sublime  and  Be  .utiful.  Pre- 
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every  M'her.e  marks  of  the  wlsdoin  and  power 
of  the  great  first  cause ;  and  acknowledges 
the  truth  of  the  observation,  said  to  have  been 
made  by  Heraclitus,  to  certain  persons  who 
came  to  see  him,  and  found  him  -warming 
himself  in  a  kitchen.       The  meanness  of  tjie 

place  occasioned  them  to  stop  ;  upon  which 
*'  the  Philosopher  thus  accosted  them— Enter 

(says  he)  holdlij,  for  here  too  there  are 
"  Gc(b*r 

il,xperimental  philosophy,  besides,  refining 
the  taste  for  natural  productions,  supplies 
new  materi'.ils  for  improving  and  encrcasing 
the  works  of  fanc3\  These  form  a  part  in  our 
{unusemcnts,  and  embellish  our  habitations ; 
and,  from  the  degree  of  their  progress  to  per- 
feeiion,  a  just  opinion  may  be  formed,  of  the 
gtatc  of  civilization  of  a  people  :  for  a  taste  for 
the  cultivation  of  the  fine  arts,  more  than  the 
pursuit  of  serious  and  useful  occupations,  giN'e? 
p  character  to  national  manners.  Indeed,  the 
forcible  imjiression  they  make  on  the  popular 
mind,  and  the  bias  they  give,  according  to 
their  nature,  to  virtue  or  to  vice,  render  thenj. 
in  some  cases  very  powerful  engines  of  go- 
vernment. 1'^^. 

*  Quoted  in  Hermes,  from  Aristot.  de.  Part.  AnimaU 
Hb.  1.  c.  5. 
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The  produftions  of  fancy  have  great 
tlucnce  oil  the  chara6ler  of  the  most  iin- 
poitant  and  most  amiable  part  of  society.  The 
impression  which  they  stamp  on  the  manners 
of  the  fair  sex  is  so  much  greatei;,  as  the  fe^ 
male  mind  ismoresusceptible  of  Hvely  feelings. 
On  the  proper  regulation  and  improvement  of 
these,  how  much  depends.  We  have  long 
been  agreed  with  regard  to  the  importance  of 
tlie  moral  character  of  the  fair  sex,  and 
moral  and  religious  instrudion  has  been 
considered  as  the  best  means  for  securing  it; 
but  ^v'hat  root  can  any  thing  take  in  an  un- 
prepared soil?  Till  lately,  no  attempts  Mere 
inade  to  improve  by  a  proper  education  the  fe- 
male understanding  ;  its  capacity  was  very, 
long  depreciated  ;  and  women  have  been  pre- 
vented from  attaining  the  rank  in  society  to 
which  they  are  most  justly  entitled.*  This 
negle61,  and  the.  consequent  deficiency  of  in- 
t^Ueftual  sources  of  enjoyment,  led  them  to 
seek  pleasure  in  frivolous  amusements,  and 

trifling 

*  Perhaps  it  is  not  generally  known,  that,  fn  one  part  of 
this  island,  women  arc  still  employed  to  perform  the 
roughest  and  most  laborious  parts  of  agricultural  occupa- 
tions. In  Caithness,  in  Scotland,  the  women  carry  the 
manure  to  the  fields,  in  baskets,  upon  their  backs,  and 
spread  it  upon  the  ground.  T. 
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fiiflirig  conversation.    Their  M-hole  attention 
Syas  absorbed  in  inventing  personal  decora- 
tions, Afhich,  in  general,  served  only  to  ren^ 
tier  more  obvious  their  want  of  a  just  taste, 
by  the  monstrous  and  deformed  figures  they 
treated.    In  the  present  age,  however,  some 
women  have  appeared,  whose  attainments  in 
literature,   and  true  philosophy,  have  done 
honour  to  their  sex  ;  and  whose  example  has 
produced    ii  very  important  revolution  in 
flieir  education.    Tliey  have  proved  that  the 
fbmale  understanding  is  susceptible  of  the 
fiighest  cultivation,  and  have  efle61ed,  a  pur- 
pose truly  interesting,  the  union  of  beauty, 
virtue,  and  intelligence.      How  much  the 
knowledge  of  experimental  philosophy,  espe^ 
chWy  that  part  of  it  wliich  relates  to  Che-r 
fnistry,  is  calculated  to  prove  an  useful  acqui- 
.<itian  to  the  fair  sex,  is  very  obvious.  By 
making  them  acquainted  with  the  obje6is  of 
the  material  world,  it  diverts  their  attention 
ii  omthe  perusal  only  of  works  addressed  solely 
to  the  ' imagination,   Avhich  frequently  draAV 
false  views  of  human  nature,  and  create  an 
artificial  and  vitiated  sensibility,  highly  pre-? 
.judicial  to  domestic  happiness.  It  also  extends 
Uicir  knowledge  for  supplying  tlie  necessaries 

and 
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and  elca-ancies  of  the  table,  and  the  otiier  ar- 
tides  of  domestic  economy.  These  are  not 
+he  observations  of  conje6iure.  The  improve' 
ment  in  female  manners,  whicli,  within  the 
space  of  a  .very  few  years,  has  resulted  fropn 
the  delivery  of  popular  ledures  on  experimen- 
tal philosophy  at  Kdinburgh  and  Glasgow,  hcis 
been  very  generally  remarked. 

Perhaps  it  may  be  hinted  as  an  objection  to 
this  form  of  study,  that,  by  giving  a  superficial 
knowledge  of  science,  it  may  be  the  origin  of 
many  disputes.  In  Metaphysics  and  Ethical 
science  disputes  from  this  cause  may  be 
dreaded.  In  experimental  philosophy,  how- 
ever, disputes  can  arise  only  from  a  difference 
of  opinion  with  regard  to  the  theory  of  th^ 
various  operations;  and  these  cannot  excite 
much  interest,  except  among  those  who  make 
very  deep  researches.  Public  le6lures  are  not 
calculated  to  convey  this  kind  of  information. 
They  only  put  the  hearers  in  possession  of  a 
large  colleftion  of  fa6ia,  which  scarcely  admjt 
of  dispute  ;  and,  Avhen  any  does  arise  M'itli 
rcQ-ard  to  the  result  of  an  operation,  the  doubt 
maybe  instantly  removed  by  the  performance 
of  the  experiment. 

± 

Upon  the  whole,  from  vrhat  lias  been  said,^ 

it 
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it  may  be  concluded,  that  public  lectures'  arc 
well  adapted  for  enriching  the  manufarlurer 
and  the  artist  with  very  A-aluable  information  ; 
that  they  are  the  best  means  for  satisfying  the 
rational  and  elegant  curiosity  of  every  en- 
quirer into  the  works  of  nature  ;  and,  there- 
fore, add  much  to  the  private  enjoyments  of 
every  individual,  and  render  more  firm  and 
durable  the  supports  of  national  prosperity*. 

Let  us  now  look  a  little  into  the  nature  of 
the  science  of  Chemistry  ;  examine  its  pecu- 
liar utility  to  the  arts  :  and  the  advanta£i-es  it 
presents  to  the  general  enquirer. 

Cheiiiistry  may,  iil  some  degree,  be  consi- 
dered both  as  a  science  and  as  an  ait.    As  a 

An  cxccUont  plan  for  Ihc  general  im|irovcnient  of  the 
arls,  by  instructing  artists  in  the  knowledge  of  expenmcntiil 
science,  Ims  been  lately  submitted  to  the  government  of 
France  by  Monsieur  Chujjtal ;  and  which,  if  adopted, 
likely  to  cause  the  productions  of  Frencli  manufactures  to 
make  great  advances  to  perfection.  "  Ccpendant  Ics  aj  ts 
"  do  fabrique,"  says  llic  avilhor,  "  ont  Icurs  principcs  ;  les 
"  bases  do  toutcs  Icurs  operations  sont  fixees  par  la  science ; 
"  Ics  artistes,  comnic  mcmbres  do  la  sbciSte,  ont  drojt  a  I'in- 
"  struction  :  ils  peuvcnt  la  reclamcr ;  et  il  est  du  devoir, 
"  comme  de  rinttret  du  gouverneraent,  dc  fairc  disparoitre 
"  crtte  lacune  dans  lesysteniede  Tenseignemcnt  publjc." 

•  Essai  sur  le  Perfoctionnemcnt  dc?  Art?  Chiniiquo 
in  France.    P.  17". 

science 
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science  it  iliay  be  said  to  be  of  modern  date  ; 
as  an  art  its  origin  is  nearly  coeval  with  that 
of  society.  •  Many  chemical  operations  owe 
their  invention  to  the  immediate  wants  of 
man  ;  and  are  employed  for  useful  purposes, 
although  the  principles  by  which  the  results 
are  produceil  are  unknown.  Thus  the  com- 
bustion of  inflammable  matter  to  procure  an 
artificial  heat  for  the  body,  and  for  the  cook- 
ing of  food,  is  a  chemical  operation  which 
was  knoAv  11  to  men  in  the  rudest  state  of  so- 
ciety, but  the  cause  of  combustion,  and  the 
alterations  produced  by  it  in  inflia.mmable  sub- 
stances, were  developed  only  a  few  years' 
ago;  and  form  one  of  the  most  beautiful  dis- 
coveries of  chemical  science. 

The  early  use  of  chemical  art,  which  acci- 
dent or  the  necessities  of  mankind  induced, 
flattered  the  pride  of  chemists,  and  led  many 
of  them  to  trace  the  - science  from  a  very  re- 
mote antiquity.  Tubal  Cain,  Hennes,  Moses, 
Democrites,  and  Cleopatra,  were  said',  to" 
have  been  acquainted  with  Chemistry*  ;  and' 

c  '  even 

*  I  do  not  recollect  that  Lycurgus  has  been  noticed  as  a 
chemist  by  any  of  the  advocates  lor  the  ajitiquity  of  the 
science.    Plutarch  roltites,  that  he  ordered  the  Lacedaj-  • 
monian  iron  money  when  red  hot,  and  just  stamped,  to  be 
«l\icnchcd  in  vinegar,  in  order  to  render  it  unmalleble. 

Life  of  Lycurgus. 
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•even  the  fables  and  allegories  of  the  aneien-t^ 
were  viewed  as  relating  the  mysteries  of  that 
science.    The  use  of  metals,  and  tlie  methods 
of  sepai-ating  them  from  their  ores,   and  of 
working  them,  were  indeed  very  early  known ; 
and,  }n  Egypt,  various  other  chemical  arts, 
as  the  dying  of  purple,    blue,  and  scarlet  ; 
the  composition  of  perfumes  ;  the  making  of 
glass  (an  invention  of  the  Phoenicians)  ;  and 
tinging  it  with  various  colours  ;  and  the  art 
of  imitating  precious  stones  ;  were  also  prac- 
tised.   But  the  priests,,  in  whose  hands  the 
learning,  and  the  arts,  of  this  ancient  jieople 
were  retained,  handed  them  to  their  successors 
veiled  in  liieroglypliical  mystery.    From  this 
source,  however,  the  Grecians  derived  their 
chemical  knowledge,  which  they  afterwards 
taught  to  their  conquerors  the  Romans.  With 
them  it  was  pretty  successfully  cultivated,  as 
far  as  related  to  the  arts,  and  the  production 
of  the  luxuries  of  the  table.    They  understood 
tlie  preparation  of  wines,  and  ardent  spiyts  ; 
knew  the  application  of  manures  ;  and*  used 
asbestos  to  prepare  an  incombustible  linen, 
for  preserving  the  ashes  of  the  dead  distinct 
from  those  of  the  wood  of  the  pile,  in  the  per- 
formance of  funeral  rites.    Driven  from  Eu- 
rope 
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I  aope  "by  the  inroads  of  the  Barbarians,  Che- 
mistry obtained  an  asylum  with  the  Arabians, 
who  improved  the  art ;  and  Rhazes,  physician 
to  the  hospital  of  Bagdad,  appHed  it  to  me- 
dicine :  but,  owing  to  their  attachment  to 
magic,  and  the  occult  sciences,  they  increas- 
ed the  mystery  in  which  it  was  ah-eady  in^ 
volved.  Thence  arose  alchemy,  or  the  art 
of  transmuting  various  metals  into  gold.  This 
extravagant  delusion  began  about  the  com- 
mencement of  the  fourth  century ;  and,  as 
it  held  out  a  bait  to  satisiV  avarice,  it  soon 
acquired  a  numerous  train  of  followers.  The 
research  was  begun  with  an  ardour  which  no 
disappointment  could  damp.  Intoxicated 
Avith  the  idea  of  the  boundless  wealth  that 
would  reward  success,  the  great  objeft  of 
every  chemist's  experiments  was  the  posses- 
sion of  the  philosopher's  ston^.  From  one 
country  the  mania  spread  into  others.  In 
Egypt  it  attra6led  tlie  attention  of  the  go- 
vernment. Dioclesian,  apprehensive  that 
the  alchemists  might  realize  their  dreams,  and 
.that  his  subjeds  might  in  consequence  become 
rich  and  rebellious,  ordered  all  their  books  to 
be  burnt.  During  the  crusades  alchemy  tra- 
velled info  Europe,  where  it  engendered,  iii 

C  2  the 
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thfe  heated  imaginations  of  its  partisans,  an- 
other.  obje6t .  of  pursuit  equally  absurd,  the 
Elixir  Vit£E.  About  the  middle  of  the  six- 
teenth century,  this  folly  rose  to  its  utmost 
extravagance.  After  this  period  it  was 
strongly  opposed  by  several  able  and  learned 
men  ;  but  it  still  kept  its  ground  ;  and,  even 
in  this  country,  occasioned  immense  sums  of 
money  to  be  squandered*.  At  length,  it  sunk 
with  the  celebrated  Dr.  Price  f  in  the  begin- 
ing  of  the  eighteenth  century. 

The  examination  of  the  effe6ts  which  the 
study  of  alc  hemy  produced  on  the  niinds  of 
the  ignorant,  in  giving  support  to  astrology, 
and  the  belief  of  the  agency  of  supernatural  • 
beings,  would  be  a  subjeft  of  much  curiosity. 
■■J'he  adherents  of  alchemy  were  supposed  to' 

hold 

■  *  The  second  Diikeof  Buckingliamissaid  to  have  waited 
'   betwoen  tiiirty   and  forty  thousand  pounds  stcrhng  on 
alchemy.   .  .     .  , 

t  Price,  in  the  account  of  his  experiments,  relates  the 
effects  of  two  powders  which  he  possessed.  One  of  them 
red  and  the  other  white.  The  addition  to  mercury  of  one 
of  them,  when  subjected  to  a. certain  process,  produced', 
forty  or  fifty  times  its  weight  of  gold  ;  of  the  other,  thesamo 
(juantjty  of  .silver.  Poor  Price  ^committed  several  acts  of 
lunacy  before  his  death. 
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hold  intercourse  with  the  devil ;  and  many  of 
them  were  persecuted  on  the  supposition. 
Roger  Bacon,  who  hved  in  the  thirteenth  cen- 
tury, and  M'as  the  inventor  of  gunpowder, 
was  excommunicated  by  the  pope,  and  con- 
fined ten  years  for  supposed  deaUngs  with  the 
devil.  Paracelsus  was  thought  to  have  an  evil 
spirit  confined  in  the  pommel  of  his  sword ; 
and  "N^'an  Helmont,  Avho  lived  ninet}'  years 
after  him,  was  thrown  into  the  prison  of  the 
Inquisition  as  a  magician.  Indeed  many  of  the 
alchemists  endeavoured  to  enfoi  ce  the  belief  of 
charms  and  spells  ;  and  sought  fi'om  the  study 
of  the  occult  science,  the  attainment  of  the 
object  of  their  favourite  pursuit.  Paracelsus, 
the  most  impudent  of  these,  wrote  a  book  *  de 
Zilphis  et  Pigmeis,'  to  prove  the  existence  of 
spirits  ;  and  asserted  that  no  man  could  un- 
derstand the  nature  of  a  disease,  or  cure  it^ 
without  a  knowledge  of  the  stars.  He  boasted 
the  possession  of  the  EUxir  Vit£E  ;  styled  him- 
self primus  medicorum  ;  and  promised  immor- 
tality, in  this  world,  to  his  followers  :  hut  his 
premature  death  exposed  his  vanity,  and 
blasted  their  hopes.  The  persecution  of  those 
who  were  supposed  to  possess  the  philosopher's 
stone  was  not  confined  to  Europe.  Mahomet 

Eey, 


jBey,  king  of  Tunis,  was  dethroned  by  his  sub^ 
jpcts,  for  having  the  reputation  of  the  secret : 
lie  Wtis  restored  by  the  Dey  of  Algiers  upon 
promising  to  communicate  it  to  him.  Mahomet 
sent  a  plough  with  great  pomp  and  ceremony, 
itntirauting  that  agiicuiture  is  the  strength  of 
a  kingdom,  and  that  the  only  philosopher's 
stone  Is  a  good  crop,  which  may  be  easily 
converted  into  gold. 

From  this  imperfeft  sketch  of  the  rise  and 
progress  of  chemical  art  it  will  be  readily 
eohje<itured,  that,  owing  to  the  great  number 
©f  experiments  which  were  performed,  many 
valuable  discoveries  must  have  been  made. 
Such  was  a6lually  the  case ;  and  the  alche- 
mists, unintentionally,  colleded  a  rich  store 
of  chemical  fafts  of  very  great  importance. 
If  they  did  not  succeed  in  drawing  gold  from 
their  furnaces,  they  profluced  those  mata-ials 
qn  which  the  true  science  of  Chemistry  was 
afterwards  creeled  :  for  as  3'et  it  did  not  exist. 

At  the  end  of  the  seventeenth  century, 
Ghemifvtry  began  to  assume  a  scientific  form.^ 
'^Uhe  studies  of  Lord  Verulam,  and  the  dis- 
coveries of  the  Honourable  Mr.  Eoyle,  and. 
of  Sir  lsa.hc  Newton,  paved  the  road  to  the 
certain  attainment  of  natui-al  knowledge,  and 

diffused 
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diflFused  a  just  taste  for  experimental  pitilo^ 
sophy.     The  scattered  chemical  fa<9;s  were 
colledted,   arranged,  and  reduced  to  •  prin- 
ciples.    Becher  sketched  out  <a  system  that 
was  afterwards  filled  .up  by  Stahlj  and  embel- 
lished and  improved  by  succeeding  chemisits, 
till  the  discoveries  of  Black*  in  heat,  those 
of  Priestley  in  airs,  and  of  Lavoisier  in  every 
part  of  Chemistry,    shewed  its  errors,  and 
formed  the  system  which  at  present  prevails^' 
In  rearing  this  beautiful  fabric,  the  aid  of 
other  sciences  was  sought ;  the  experiments 
already  known  wei'c  repeated  ;  new  ones  per- 
formed ;  and  their  results  examined  with  se- 
vere- 

*  In  mentioning  the  name  of  Black,  I  cannot  go  en 
■without  paying  my  small  tribute  of  applause  to  his  mc-  ' 
mory.    From  him  I  received  the  first  rudin^cnts  of  my  (■he--  • 
inical  knowledge  ;  arid  ^hall  evdr,  c<>Dsider  the  circuinstunce  : 
as  the  most  fortunate  of  my  life.    Like  the  aspect  of  tliis 
venerable  philosopher,  his  manners  were  mild  and  elegant ; 
his  style  of  lectures  was  simple,  but  neat,  perspicuous,  and 
energetic;,  his  deliveiy  chaste,  and  the  tone  of  his' voice? 
musical  and  persuasive.    He  pei-fonned  the  experiment^ 
demonstration  with  the  utmost  correctness,  and  with  great  . 
grace  ;  for  Black  was  as  much  a  chemist  in  his  handS;  as; 
in  his  head.    His  discoveries  speak  for  themselves.    Every  . 
i  century  produces  men  of  shining  gepius,  and  great  philoso- 
phers; but  Black  MTis  one  of  those  comets  in  the  sclcntilic 
woild  which  returns  only  in  many  thousand  years.  T. 
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vcre  philosophical  accuracy.  With  the  abo- 
lition of  the  barbarous  alchemical  language, 
the  obscurity  that  had  long  pervaded  the 
chemical  atmosphere  was  dispelled  ;  triitli 
dawned  upon  its  horizon,  and  the  science 
rapidly  advanced  to  that  meridian  splendor, 
which  now  ranks  it  as  the  most  useful  and 
interesting  branch  of  Natural  Philosophy. 
Chemistry  is  that  science  which  makes  us 
acquainted  -with  those  properties  of  bodies 
that  depend  on  the  composition  and  adion  of 
their  constituent  particles  ;  and  discovers  the 
changes  of  composition  and  of  aition,  that 
occur  among  these  particles,  by  mixing  dif- 
ferent bodies. 

Tills  definition  displays  how  widely  ex- 
tended arc  the  limits  of  chemical  science ; 
and  it  also  points  out  the  mode  by  which  it 
should  be  investigated.  To  develope  the  laws 
^\'hich  rcixulate  the  combinations  of  matter 
that  form  the  substance  of  this  globe,  or  arc 
attached  to  its  surface,  requires  observation 
and  exj)eriment ;  and  therefore  by  their  assist- 
ance chemical  knowledge  is  attained.  Thu.s 
observation  teaches  us,  that  the  burning  of 
a  candle,  or  the  breathing  of  an  animal  in 
a  limited  portion  of  air,  diminishes  its  bulk; 

au(! 
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and  the  can Jlc  is  extinguished,  and  the  ani^ 
Hial  dies.  Experiment  explains  the  nature  of. 
this  portion  of  the  air,  necessary  fo^'  coinb\is- 
t ion  and  respiration;  detedls  its  existence  in  a 
variety  of  other  bodies  ;  and  points  out  tliat 
to  its  presence  in  their  composition  many  of 
them  owe  their  most  adive  and  useful  qualities, 
In  a  similar  manner  we  know,  from  pbserya,-' 
tion,  that  water  may  liecome  ice  ;  but  experi- 
ment has  convinced  us,  that  this  fluid  assumes 
the  solid  form  only  when  a  great  portion  of  its 
heat  its  abstracted  ;  and  that  it  does  not  deT 
pend,  as  was  long  imagined,  on'  the  introduc- 
tion of  frigorilic  particle.s. 

A  science  may  be  denomiAated  l)cautiful, 
the  effects  of  the  operations  of  which  afford 
pleasure  to  the  senses,  or,  as  they  tend  to 
elevate  the  irnagination  by  the  developement 
^  of  the  secrets  of  nature  ;  and  useful,  in  §o  far 
as  these  effeds  improve  the  necessaries,  and 
add  to  the  comforts  of  life.  Both  of  thesp 
appellations  are  applicable  to  Cliemistry.  Tha 
chemist  begins  his  enqub-ies  where  those  of 
.tlie  natural  historian  and  thp  natural  philo- 
sopher terminate.  The  first  of  these  ex^muies' 
bodies  with  a  view  of  assigjnino:  the  n  their 
proper  place  in  the.  system  of  nature,  and 

D  arranging- 
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arranging  them  into  classes,  genera,  and 
species,  according  as  they  possess  certain 
quahtie's  of  similitude.  The  second  investi- 
gates the  general  properties  of  objects,  such 
as  tiieir  figurabilit}',  density,  elasticity,  &c.  ; 
find  calculates  the  forces  of  their  mechanical 
aftions.  Hie  chemist  looks  into  the  more 
intimate  stmclure  of  substances,  separates 
their  heterogeneous  particles  from  one  an- 
other, and  examines  distinftly  the  nature  of 
each.  He  recombines  principles  in  propor- 
tions different  from  those  in  which  they  were 
combined  in  the  bodies  from  •  which  be  ob- 
tained them ;  and  unites  them  with  other 
substances,  with  a  view  of  making  himself 
more  perfe6lly  acquainted  with  their  various 
effects  under  different  circumstances,  and  of 
forming  new  and  useful  compounds.  Che- 
mistry may  be  therefore  understood  to  have 
nearly  the  same  relation  to  many  other 
branches  of  knowledge  that  geometry  has.  It 
furnishes  materials  by  which  many  otherwise 
dark  and  intricate  points  are  easily  explained  ; 
and  in  this  way  it  throws  light  upon  a  great 
number  of  tiatuTe"s  grand  operations. 

Although  man,  b}-  a  knowledge  of  the  laws 
of  nature,   is  capable  of  producing,  at.  his 

pleasure. 
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pleasure,  particular  effe6ls  on  material  obje6ls, 
;iiid  of  usurping  in  a  certain  degree  the  povv'ers 
of  nature,  yet  there  are  many  incident?  at 
all  times  occurring  in  the  system  of  creation, 
of  which  he  is  only  an- observer.  The  beauty 
bf  chemical  science  is  most  conspicuous  in  the 
aid  which  it  affords  for  the  explanation  of 
these  phenomena.  ]\Iany  appearances  in  the 
economy  of  nature,  that  cannot  be  understood 
from  an  acquaintance  with  natural  philosophy 
only,  are  easily  comprehended  by  those  who 
possess  a  joint  knowledge  of  that  science  and 
of  chemistry.  This  is  particularly  the  case  in 
those  events,  proceeding  in  part  from  the  ope- 
i'ation  of  heat  and  light,  the  two  most  uni- 
versal chemical  agents. 

Bodies  under  certain  circumstances  excite"  a 
Sensation,  which  is  known  by  the  name  of 
heat.  It  has  long  been  a  subject  of  dispute^ 
^vhjther  the  cause  that  imparts  to  bodies  the 
property  of  producing  this  sensation  be  a  sub- 
stance, or  only  a  peculiar  affettion  of  the  par- 
ticles which  constitute  the  heated  bodies.  To 
enter  on  an  examination  of  these  different 
theories  is  foreign  to  the  purpose  of  this  Essay; 
and  therefore,  to  avoid  them  both,  I  shall  sub- 
stitute the  name  of  the  effe6l  for  that  of  the 

D  2  cause. 
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cause.    Heat  enters  more  or  less  into  the  eom- 
position  of  every  material  substance  ;  and  can 
be  transferred  from  one  body  to  another.  Ac- 
cording to  the  quantity  of  it  contained  in  any 
body,  is  the  degree  of  force  of  cohesive  at- 
traction between  the  particles  of  the  bod^^,  so 
that  it  assumes  the  solid,  the  fluid,  and  the 
aeriform  state.    A  certain  degree  of  heat  as- 
sists the  union  of  all  substances  with  one  an- 
other ;  and  many  without  it  cannot  unite. 
Two  solids  cannot  a6t  chemically  on  one  an- 
oth(*r.    Without  heat  the  union  between  vital 
and  inflammable  air  cannot  be  effected  ;  which 
■with  it  is  so  perfe6t,  as  to  destroy  tlie  gaseous 
fdrm  of  both  airs,  and  produce  water.  With 
-these,  and  with  the  otKcr  properties  of  heat  the 
chemist  makes  himself  acquainted  ;  and  takes 
advantage  of  them  in  conducting  his  opera- 
.ti(fns.    He  observes  attentively  the  cffcfts  pro- 
duced by  the  introduction  and  the  abstraction 
of  heat,  on  the  minute  subjeCts  of  his  experi- 
ments ;  traces  these  to  their  causes  ;  and  ap- 
plies his  theories  to  explain  the  sublime  pheno- 
mena of  the  universe.    Thus,  he  finds,  that 
the  same  proximate  cause  which  operates  in 
breaking  a  glass  vessel  when  boiling  water  is 
suddenly  poured  into  it,  and  in  giving  the 

quilled 
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qiillied  form  that  starch  assumes  in  drying 
when  manufaftured,  a6ls  also  in  the  forma-tiort 
of  the  immense  basaltic  strudures  *  that  ate  to 
be  seen  on  many  different  parts  of  the  suftace 
of  the  globe.    By  observing  that  a  few  <h-o})s 
of  water  spilt  upon  a  stone  qiuckly  disappear, 
he  is  led  to  the  knowledge  of  spontaneous  eva- 
poration, and  the  property  of  air  for  disst)lving 
water ;  thence  to  the  developemeat  of  the 
causes  of  the  formation  of  dews,  of  fogs,  and 
of  clouds  ;  their  condensation  into  rain;,  and 
.  the  appearance  of  aqueous  meteors.    The  doc- 
trine, of  some  bodies  retaining  heat  in  such  a 
quantity  as  to  preserve  in  very  low  tempera- 
tures their  fluidity,  unveils  to  him  the  cause 
which  renders  water  serviceable  to  plants  and 
animals,  and  in  beautifying  the  face  of  nature ; 
which  enables  the  stream  that  refreshes  our 
meadows  to  ripple  o  er  its  pebbly  channel ; 
tlie  swellins;  torrent  from  the  mountain  to 
foam  along  its  rocky  bed,  and  precipitate  the 
catara6l  that   stuns  our  hearing    with  tlie 
thunder  of  its  fall ;  and  the  enormous  mass  of 
ocean  itself  to  be  tossed  in  engulphing  billows 
by  the  tempest. 

The 

*  Such  as  the  Giant's  Causey,  in  the  county  of  Antrim,^ 
in  Ireland;  Fingal's  Cave,  in  the, Isle  of  Staffa;  and  tho 
Rock  of  Pcreneire,  near  St.  Sandoux,  in  Auvergne.  T, 
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The  investigation  of  the  nature  of  light  is 
equally  important  with  that  of  heat.  The 
sense  of  sight  informs  us  of  the  superficial 
extension,  the  figure,  and  the  colours  of  bo- 
dies by  the  intervention  of  a  material  medium, 
vhich  is  light.    The  examination  of  the  pro- 
jectile impetus  with  which  it  is  thrown  off 
from  its  source ;  the  manner  in  which  the 
pencils  of  rays  form  a  pifture  of  the  visible 
objeft  on  the  retina ;  and  the  aftinns  of  the 
visual  organ  itself  in  producing  ideas ;  belong- 
to  the  natural  philosopher,  ^  the  optician,  and 
the  physiologist :  but  the  chemist,  by  his  ex- 
periments, aids  these  in  their  enquiries.  He 
also  finds,  that  on  light  depends  the  colour, 
taste,  and  smell  of  vegetables  ;  and  the  power 
their  leaves  have  of  decomposing  water,  and 
purifying  atmospherical  air,  by  giving  it  tliat 
part  of  its  composition  so  necessary  for  pre- 
serving animal  life.    Were  light  withdraMU, 
nature  would  sicken,  and  animation  cease. 

But  the  explanation  of  these  sublime  phc- 
aiomena  l«y  means  of  Chemistry  is  not  limited 
to  the  satisfying  of  a  laudable  curiosity.  As 
much  as  natural  and  moral  philosophy  it  ele- 
vates our  conceptions  of  the  Supreme  Being, 
by  exhibiting  certain  proofs  of  design  in  the 

universe. — 
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univ^erse.— The  truths  of  natural  religton,'" 
says  an  elegant  writer*,  "  gain  an  iiccession 
*'  of  evidence  from  every  addition  that 
"made  to  the  stock  of  human  knoAvledgei 

Hence,  in  the  case  of  those  individuals  who 

devote  themselves,  with  fair  and  candid 
"  minds,  to  the  pursuits  of  science,  there  is  a 
"gradual  progress  of  light  and  convidion, 
"  keeping  pace  Avith  the  enlargement  of  their 
'  '  information  and  of  their  views  ;  and  hence, 
"  a  strong  presumption  that  the  infkience 

which  these  truths  have,  even  in  the  pre- 
"  sent  state  of  society,  on  the  minds  of  the 
"  multitude,  will  continually  increase,  in 
*'  proportion  as  the  order  of  the  material  uni- 

verse  shall  be  more  fully  displayed  by  iht 
^'  discoveries  of  philosophy,  and  as  the  plan 
"  of  Providence,  in  the  administration  of  hu- 

man  affairs,  shall  be  more  completely  lin-' 

folded  in  the  future  history  of  our  species." 

In  the  present  state  of  society,  however, 
that  knowledge  by  whi(!;h  the  grknd  and  ex- 
tensive operations  of  nature  are  luiveiled  to 
the  eye  of  genius,  and  which  elevate  the  hu- 
man mind  to  look  beyond  a  present  state  of 
'existence,  is  not  denominated  uscftd.  This 

term 

*  Dugald  Stewart's '  Outlines  of  IMoral  Philosophy,'  p.  175.' 
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term  is  generally  applied  to  those  pursuits 
which  are  more  conne6lecl  with  tlic  satisfying 
of  our  immediate  wants  and  appetites.  In 
following  these,  theoretical  and  .  praclictil 
knowledge  is  too  often  inipropcrly  sej^arated 
from  each  other.  Owing  to  the  abuse  of  the 
former,  by  some  men  of  more  imagination 
than  judgment,  the  cultivation  of  it  by  the 
artist  hiLi  been  considered  as  an  obstacle  to 
his  improvement,  and  as  certain  to  occasion 
the  ruin  of  his  fortune.  The  best  argument 
in  refutation  of  this  opinion  is,  that,  notwith- 
standing the  number  of  artists  is  so  much 
i^reatcr  than  that  of  scientific  men,  themo&t 
important  improvements  in  the  arts  have  beeu 
made  by  those  unconnected  with  the  prafilice 
of  them.  Indeed  many  very  useful  inventions, 
which  have  afforded  abundant  wealth  to  the 
artist  and  manufaclurer,  have  arisen  from  the 
ashes  of  the  consumed  fortune  of  the  theorist- 
In  the  pursuit  of  the  useful  arts  th,e  theories 
of  chemistry  admit  of  universal  application.. 
Many  of  the  arts,  indeed,  are  entirely  chemi- 
cal, although  they  are  condu6tcd  by  menMinr 
acquainted  with  the  science.  The^passj?s^ion 
of  chemical  knowledge,  therefore,  by  .  fiuc^i 
men,  would  afford  the  best  means  of  advanc- 
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ing  to  perfeflion their  produ£tion  ;  and  con- 
sequently of  opening  a  path  to  the  attainment 
of  riches  and  honour. 

Let  us  now,  therefore,  briefly  examine  the 
sreneral  nature  of  a  few  of  tliose  arts  -which 
may  be  denominated  chemical ;  and  the  im- 
provements Avhich  have  resulted  from .  an  ap- 
plication of  chemical  knowledge,  to  particular 
operations,  in  those  that  do  not  rank  under 
this  title. 

Metals  form  a  class  of  substances  of  general 
utility.  The  extradiion  of  them  from  their 
ores  ;  assaying,  or  the  art  of  discovering  the 
quantity  of  metal  in  a  small  portion  of  ore,  so 
as  to  ascertain  the  value  of  newly  discovered 
veins  before  working  them  ;  and  the  method 
of  combining  different  metals,  when  wrought, 
to  render  them  more  useful  for  ,tlie  various 
purposes  of  life,  are  truly  chemical  processes. 
In  the  state  of  ores,  metals  are  combined  wit^li 
■earths,  and  other  substances,  which  give  them 
a  variety  of  appearances.  From  a  general  want 
of  knowledge  to  discover  thern  in  these  forms, 
many  valuable  metals;  are  lost  or  oyerlopked. 
An  instance  of  this  occurred  somP  time  ago  in 
Cornwall,  where  a  rich-  vein  of  cobalt  was  disp 
covered  in  the  Wherry- mine,  iiear  Penzance. 

E  There 
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There  every  jsubstancc  that  does  not  jib5ses3 
*'  the  chara6leristics  of  tlie  tin  or  copper,  lor 
**  which  they  are  in  search,  is  thrown  aM-ay 

among  the  rubbish.  This  Avas  the  case  witli 
*'  the  cobalt  vein,  when  a  gentleman  of"  more 
"  knowledge  than  the  proprietors  happened  to 

observe  it*." 

By  the  chemical  union  of  an  alkali  with 
silicious  sand,  glass  is  produced;    IVom  this 
happy  discovery,   Ave  possess. a  material  for 
making  many  of  our  most  useful  iitensils, 
in  which  are  combined  the  beauty  of  trans- 
parency, and  an  elegance  of  form  that  render 
them  highly  ornamental.    It  also  su})plies  us 
with  the  means  of  enjoying  light  in  our  ha- 
bitations, while  the  inclemency  of  the  wea-= 
ther  is  excluded.     The  imj)rovements  in  hl 
kindred  art,  pottery  ;  and  the  perfection  to . 
which  the  manufafture  of  por<;elain  in  thjs 
country  has  attained,  by  the  philosophical  and 
chemical  researches  of  the  celebratetl  Wedg- 
^vood,  prove  how  much  the  arts  ma.y  be  be^* 
nefited  by  a  proper  application  of  the  ge- 
neral doctrines  of  chemistry.  .  Brewing,  dis- 
tilling,  dying,   bleaching,  soap-boiling,  the 
making  of  paper,  >  tanning  of  leather,  prepa- 
ration 

f  Vide  '  Philosophicar  Magazine,'  vol.  i.  p.  iii. 
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ration  of  perfumes,  cooking,  and  many  other 
arts,  have  all  their  foundation  in  chemistry. 

In  various  arts  beside  those  that  can  be 
strictly  denominated  chemical,  important  im- 
provements have  been  made  by  the  labours  of 
phemists. 

The  attention  which  has  been  given  to 
examine   the  nature  of  soils  is   the  chief 
cause  of  the  present  advancement  of  agri^ 
culture. .  '\''egetables  are  organic  bodies  which, 
from  a  fe\r  principles,  form  a  great  variety  of 
compounds.    On  the  presence  of  a  certain 
degree  of  light,  heat,  and  moisture,  and  of 
a  peculiar  principle,  in  the  soil,  that  has  beeii 
uamed  carbon,  depend  their  nourishment, 
gi'owth,  and  production  of  fruits  and  seeds  for 
the  perpetuating  of  their  species,  and  as  food 
to  animals.    Chemistry  has  demonstrated  that 
the  carbonaceous  matter,  with  which  o-roM'ins 
vegetables  are  nourished,  is  separated  by  the 
decomposition  of  decaying  plants.    It  is  said 
to  remain  dissolved  in  the  oily,  extradive, 
resinous,    or  alkaline  principle*  ;  in  which 
form  Avater  takes  it  up,  and  conveys  it  into, 
the  system  of  the  vegetable.    The  art  of  agri- 
culture, therefore,  in  a  great  measure,  con- 

E  2  sista. 

Chaptal.  Memoires  de  I'lnstitut  National.  Tom,  1, 
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sits  in  correcting  such  soils  as  retain  moisture 
in  too  great;  or  too  small  a  quantity  ;  the  se- 
lefting  of  manures  that  contain  the  nutriment 
of  vegetables  in  most  abundance  ;  and  sup- 
plying materials  to  hasten  and  render  more 
perfe6l  the  decomposition  by  which  it  is  se- 
parated.    How  important,   then,  chemical 
knowledge  is  to  the  farmer  must  be  obvious  to 
every  one  who  considers,  attentivelj'-,  the  na-» 
tiire  of  his  employment.     No  set  of  men, 
however,  have  hitherto  valued  less  the  theo- 
retical part  of  their  art ;  or  followed  more 
faithfully  the  praftical  steps  of  their  predeces- 
sors, without  enquiring  why  they  did  so.  A 
few  of  them,  indeed,  of  superior  understand- 
ings, have  deviated  a  little  from  the  usual  rou- 
tine of  praaice  ;  but,  till  lately,  no  important 
innovation  was  attempted.     In  support  of 
these  observations,  the. following  extraft,  from, 
the  travelling  notes  of  Mr.  Donald  Stewart, , 
who  has  made  a  general  mineralogical  survey 
of  Ireland,  is  a  striking  instance.       I  was. 
enabled,"  says  he,  "  by  discovering  rich 
"  quarries  of  limestone  and  marie,  in  several 
estates  where  they  were  never  before  known 
either  to  tenant  or  landlord,  to  be.  accessary 
to  the  fertilization  of  the  most  barren  lands. 

In 
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In  the  estates  of  Lord   Palmerton  an4 
*'  Ormby  Jones,  Esq.  in  the  county  of  Siigo, 
"  I  afforded  the  greatest  pleasure  and  ad- 
vantage  to  the  poor  inhabitants,  by  de- 
monstrating  to  them  that  the  great  rocks 
"  M'hich  they'  called  Serpent  Rocks*,  and 
"  Av  hich  they  were  gazing  at  with  stupid  dv 
"  superstitious  admiration  forages,  contained 
most  excellent  lime.    These  quarries  are  at 
"  their  doors  ;  whereas  formerly  they  carried 
"  the  scanty  pittance  of  lime  they  were  able 
"  to  procure  from  nine  Or  ten  miles  distance. 

Haviiig  turf  at  home  in  abundance,  they 
"  are  now  supplied  with  lime  at  as  cheap  a 
"rate  as' any  people  iii  Europe."    The  ad- 
.vancemeht  of  agriculture,  not  less  than  the 
extension  of  commerce,  tends  to  establish  the 
prosperity  of  Britain.    Indeed  commerce  may 
overgrow  its  strength,  and  be  the  means  of  its 
own  destruction  ;  a  circimistance  which  can- 
not result  from  any  exertions  to  improve  agri- 
culture.   May  we  not,  therefore,  anticipate 
the  happy  effeCts  of  a  continuance  of  the  pre- 
sent spirit  of  improvement  ? 

From  the  application  of  the  general  doc 
triiies  ofheat  to  the  arts,  very  important  im- 
provements 

*  "  There  maybe,"  says  Mr.  Stewart,  "  one  twentieth  part 
*'  of  the  whole  rock  composed  of  petrified  fish  or  serpents." 
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pmvcments  liave  resulted.  The  knowledge 
of  its  effect  of  expanding  fluids  has  given  rise 
to  the  invention  of  thermometers  ;  and  of  its, 
opposite  effect  on  pure  clay,  to  the  ingenious 
<liscovery  of  Mr.  Wedgewood's  Pyrometer, 
by  which  the  most  intense  heat  of  the  potter's 
fttinace  can  be  ascertained.  The  improve- 
ments in  those  arts,  ^\•here  great  nieclianical 
force  is  required,  by  the  use  of  the  steam  en- 
gine, are  very  generally  knoM'n.  Effcfts  have 
been  accomplished  by  simple  means,  that 
could  not  have  been  obtained  from  the  coni- 
bincd  strength  of  any  number  of  men.  An, 
important  use  has  also  been  made  of  the  ob- , 
scrvation,  that  the  temperature  of  steam,  un- 
der the  ordinary  pressure  of  the  atmosphere, 
ji<:vcr  exceeds  212°,  in  the  manufaftiire  of 
muslin.  By  wrapping  the  faljric  round  a  me- 
tallic cylinder  through  which  steam  is  made 
to  pass,  it  can  be  well  dried,  independent  of 
the  weather.  The  arts  of  the  painter,  the  en- 
graver, and  the  printer,  owe  much  of  their 
present  perfection  to  chemistry. 

But  to  medicine,  more  than  any  other  art, 
has  the  most  impoi  tant  aid  been  received  froni 
chemistry.    The  discoveiy  of  the  use  of  the  , 
function  of  respiration  for  oxygenating  the 

blood, 
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blootl,  and  tlie  production  of  animal  Heat ;  <if 
the  chemical  quality  of  the.  gastric  juice, 
which  the  stomach  secretes  for  the  solution 
and  digestion  of  the  alimeht ;  and  the  invcs- 
tio-ation  of  the  "nature  of  the  various  secretions 
that  take  place  from  tlie  blood  in  its  course 
thrdugh  theh'o'dy ;  have  th'roM'n  a  new  light 
upon  the  researches  of  the  physiologist.  The 
chemical  knowledge  of  the  nature  of  remedies, 
and  particularly  of  fa6litious  airs,  has  greatly 
extended  the  power  of  the  physician  over  dis- 
eases ;  and  is  likely  to  open  a  path  to  the  at- 
tainment of  that  certainty  in  medicine,  which 
must  render  it  an  acquisition  of  the  lirst  mag- 
nitude to  mankind. 

Chemistry  has  also  opened  a  new  mode  of 
enquiry,  of  which  to  have  spoken  two  cen- 
turies ago  would  have  been  considered  almost 
a  proof  of  madness. '  By  the  decomposition  of 
water,  a  substance  is  furnished  about  ten  times 
lighter  than  atmospheric  air  ;  so  that  by  con- 
fining a  large  portion  of  it  in  a  light  coveringj 
it  is  possible  to  carry  up  heavy  substances. 
]\fan  is,  as  it  were,  thus  supplied  with  wings 
that  enable 'him  to  "soar  in  the  tra6l  of  the 
eagle, 

*  bestride  the  lazy-pacing  clouds, 

*  And  sail  upon  the  bosom  of  the  air.'    Su  ak  ES  pe  .a  a. 

He 


He  can  examine  the  nature  of  the  atmos- 
phere, and  take  a  view  of  the  globe  at  an  im^ 
mense  distance  from  its  surface. 

This  account  of  the  application  of  the  doc- 
trines of  chemistry,  with  a  view  to  the  im- 
provement of  the  sciences  and  the  arts,  is  in- 
deed very  limited.  It  is,  liowevet,  I  hope  of 
sufficient  extent  to  impress  a  convi6lion  of  the 
titility  of  cliemistiy,  and  recommend  the  at- 
tentive and  general  study  of  the  science. 
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LECTURE  L 

Introduction  ; — general  view  of  Chemistry.  Bodies  may 
be  mechanically  mixed— -examples  of  mechanical  mixture; 
— they  may  be  chemically  mixed— examples.  Solids  do  not 
act  on  solids — fluids  act  on  fluids — both  act  on  each  other  ; 
e.xperiments  to  shew  the  varieties  of  chemical  action.  Che- 
mical attraction — different  from  the  attraction  of  gravity. 
Attractions  of  aggregation—of  composition  ; — laws  of  che- 
mical attraction : — solution — precipitation — crystallization ; 
—illustration  of  these  by  experiments. 

LECTURE  If. 

Ancient  opinion  of  elements — modern.  Of  heat ;— heat 
can  be  transferred  from  one  body  to  another  ; — expansion 
an  effect  of  heat  on  solid,  fluid,  and  aeriform  substanc^; — 
cause  why  .glass  vessels  breaic  when  warm  water  is  suddenly 
poured  into  them  ; — theory  of  the  formation  of  basaltes 
why  clocks  go  faster  in  winter  than  in  summer  ; — this  effect 
of  heat  applied  to  the  art  of  fitting  hoops  round  wheels 
the  invention  of  thermometers     Sanctorio's  thermometer--- 

r  Mr.- 
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Mr.  Boyle's — Dr,  Halley's : — method  of  proving  thcrmo-i 
meters  ; — difference  of  tlie  tliermometrical  scales  in  present 
use.  Expansion  is  not  in  all  cases  an  effect  of  heat ; — water 
when  freezing  expands — ice  swims  in  water ; — this  effect  ex- 
plains many  natural  phenomena  : — ;several  metals  also  ex- 
pand in  passing  from  the  fluid  to  the  solid  state.  Heat  seem- 
ingly contracts  some  bodies — cause  of  this; — Wcdgewood's 
pyrometcti 

LECTURE  III. 

Heat  rarifies  elastic  fluids  ; — the  ventilation  of  mines  and 
of  rooms  ; — method  of  constructing  vents  to  prevent  smoke 
in  apartments  ; — Montgolfier's  balloon.  Fluidity  is  almost 
an  universal  property  of  bodies  ; — it  is  an  effect  of  heat  ;— 
water  at  rest  remains  fluid  altliough  its  temperature  be  lower 
than  the  freezing  point; — boiling  water  poured  on  melting  ica 
remains  at  the  freezing  point  till  all  the  ice  be  melted  ; — 
invention  of  tlie  calorimeter; — doctrine  of  latent  heat; — 
artificial  generation  of  cold ; — water  taken  from  a  very  deep 
well,  in  frosty  weather,  emits  vapour  when  first  drawn  ;--- 
smiths  sometimes  apply  the  doctrine  of  latent  heat  in  light- 
ing their  fire§  ;— different  capacities  of  fluids  for  containing 
beat. 

LECTURE  IV. 

Evaporation  is  an  effect  of  heat  : — some  substances 
pass  immediately  from  the  sohd  state  to  that  of  vapour ; — 
sublimation  ; — cause  why  water  vjnder  the  ordinary  pressure 
of  the  atmosphere  cannot  be  licated  above  212" ; — important 
utility  of  this  fact  in  the  arts.  Steam  is  condensed  in  a  de- 
gree of  heat  less  than  212"  ;— distillation ; — Papin's  digester; 
— great  public  use  that  has  been,  lately,  made  of  if; — the 
clastic  force  of  confined  vapour  is  very  great; — invention  of 

the 
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the  steam  engine ; — reasdn  wliy  a  drop  of  water  rolls  off  heated 
metals ; — congelation  of  water  by  the  evaporation  of  lether. 

LECTURE  V. 

Spoxtaneous  evaporation; — it  is  accc',2rated  by  boat, 
the  electrical  fluid,  the  agitation  of  the  air.  Formation  of 
ciou<ls  ; — theory  of  dews,  rain,  aqueous  meteors ; — method 
of  making  ice  in  Bengal; — invention  of  hygrometers  ;^ — cause 
of  very  deep  lakes  h6t  freezing  in  the  latitude  of  Britain  ; — 
theory  of  the  superior  and  inferior  currents  in  the  Straits  of 
Gibraltar. 

LECTUIIE  VI. 

The  cause  of  heat,  named  by  the  French  philosophers 
Caloric  ; — considered  by  some  as  an  imponderable,  jpure, 
expansible  fluid ;— its  materiality  Henied  by  others ; — merits 
and  defects  of  botli  theories  pointed  out.  Coldness  is  a  sen* 
sation  produced  by  the  abstraction  of  caloric.  Caloric  may 
be  chemically  combined  with  substances.  Bodies  conduct 
caloric  with  more  or  less  celerity  accoyding  to  the  nature  of 
their  textures  ; — application  of  this  to  various  phenomena  in 
common  life. 

LECTURE  VIL 

Light  is  a  material  substance  ; — it  produces  the  sensa- 
-tioh  of  sight  ;— its  motion  is  very  rapid  ;--opa(jue  bodies 
absorb  or  reflect  it ; — by  transparent,  it  is  transmitted,  and 
refracted; — Sir  fsaac Newton's  conjecture  regarding  the  dia- 
mond and  water.  Light  is  not  a  simple  body  ; — it  produces 
colours ; — cause  of  the  black  colour  of  the  negro,  and  copper 
colour  of  the  Indian.  New  theory  of  the  author  regarding 
the  effect  of  different  colours  on  diseased  eyes.  Cause  of  the 
ptmospherc's  want  of  transparency  in  vei'y  dry  v.eather ;---  • 
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effects  of  light  on  vegetation  connexion  between  heat  and 
light  j-r-Bolognian  phosphorus ;— ignition  ;— radiated  heat  ; 
— reflecting  mirrors ;— improvements  of  Count  Rumford  in 
beating  rooms. 

LECTURE  VIII. 

Of  the  Atmosphere     the  physics^!  propertias  of  its 
air ; — invention  of  the  barometer.    Air  dissolves  water 
the  atmospheriail  air  is  composed  pf  two  airs  ;  ox\genous 
azotic  gai.    Of  oxygenous  gas.;— discovered  by  Dr. 
Priestley ;— it  is  given  out  by  plants  in  light  ;— contained  in 
a  great  variety  of  substances ; — is  heavier  than  atmospherical 
air;— it  is  a  triple  compound  ;— it  supports  combustion  and 
JMiiuial  life.    Theory  of  conjbustion ;— mankind  derive  many 
important  advantiiges  from  hea,t  and  light  being  set  free  dui-- 
ing  combustion  : — cause  why  the  solar  rays  extinguish  a 
lire.    Function  of  respiration  ;— production  of  animal  heat. 
Effect  of  light  in  destroying  metallic  colours  ;-.-coiijecture 
why  the  old  paintings  appear  so  brilliant. 

LECTURE  IX. 

Of  Azotic  Gas  ; — it  is  lighter  than  common  air  ;  ani- 
mals die  in  it  ;'~flame  is  extinguished  by  it ; — it  is  a  consti- 
tuent part  of  several  substances  ; — contained  in  the  airblnd- 
ilcr  of  fishes.  ^lothod  of  ascertaining  the  purity  of  atmos- 
pherical air  ;— invention  of  tlic  Eudiometer  ;---its  importance 
iij  hospitals  and.,  crowded,  assemblies  ; — instances  of  the.  ef-, 
fe(;t$  of  impure  air  iii  producing  diseases. 

LECTURE  X. 
-  .Qf  CoMBUSTinifP  l^ooiES.   They  a,re  decomposed,  and 
become  oxydated,  by  undergoing  the  process  of  combustion. 
Of  the  DiAjuo^jp. 

Hydrogex 
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IlYDnOGEN  Gas  : — it  is  an  invisible  inflammable  sub- 
stance ;  a  Ireplq  compound  ; — it  is  insoluble  in  most  sab-, 
stances  ; — capable  of  dissolving  many  ; — is  thirteen  times 
lighter  than  common  air  ;— invention  of  balloons  filled 
with  this  air,  first  suggested  by  Dr.  Black  of  Edinburgh.  It 
is  produced  in  great  abundance  in  mines; — method  that 
the  miners  take  of  firing  it  ;4-pFdduced  also  on  stagnant 
pools.  Cause  of  those  meteors' called  shooting' stars.  Fire- 
works madic  with  this  gas.  It  is,  one  of  the  basis  of  ammo- 
niac. Formation  of  water  ; — by  whom  discovered  cele- 
brated experiment  of  the  French  chemists  ;-^-decompositioa 
of  water.    Hydrogen  gas  may  bo  used  as  an  eudiometer. 

LECTURE  XI. 

Of  Sulphur,  rart  of  separating  and  purifying  it  from 
the  substances  with  which  it  is  found  combined  in  nature. 
It  is  susceptible  of  two  kinds  of  combustion.  Effects  of  its 
combination  with  various  substances  ;— pyrites  ; — sulphu- 
rated hydrogenous  gas  ; — sulphureous  mineral  waters.  Pro- 
duction of  sulphuric  acid.  Utility  of  sulphur  in  the  arts  ; — 
manufacture  of  gun^powder  ;~-inatches  paste  for  taking 
impressions  of  engravings  on  stone >~it  is  used  for  whitening 
of  silks,  destroying  of  colours,  stopping  fei-ment{i,tion  of  wines. 

Phosphokus  •;— -combustion  df '  it-  very  brilliant;— 
forms  phosphoric  acid  ; — reduction  of  this  acid.  Phos- 
phorus is  never,  found  pure  in  a.  native  state  ;~7action  of  va- 
rious substances  on  it  ;~^phosphoratcd  hydrogen  gas. ; — use 
of  phosphorus. 

.  LECTURE  XII. 

RBOX.  It  is  the  combustible  part  of  coals.  Char- 
coal' when  burnt  yields  a  heavy  gas  named  carbonic  acid 
gns  ; — quality  of  this  air  ; — it  can  be  obtained  from  many 

other 
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othei  sources  ; — effects  it  produces  on  lime  water  ;  ob- 
noxious to  animal  life  ;— Chalybeate  springs  charcoal  de- 
composes water  when  heated  ;— carbonated  hydrogen  gas.' 
Reduction  of  acids  ; — decomposition  of  the  neutral  salts. 
Charcoal  is  of  great  use  in  the  arts  ;— deprives  new  ^ilk  of 
its.disagreeable  odour :— fuel. 

Of  Alcohol.    Whence  procured  ^—when  pureit  cannot 
be  frozen.    Effects  of  it  under  different  circumstances 

combustion  of  alcohol olcthcai;;  gas  ;--action  of  different 

substaiK-es  on  it aethers  ;— theory  of  their  formal  ion. 

Uses  of  alcohol  and  ithers  in  the  arts.    Engraving.  Alco- 

liol  has  been  used  in  the  steam  engine. 

LECTURE.  XUl 

Or  Oils.    They  are  all  composetl  of  Ci3,rbon  and  Hy~  '■ 
drogen.    Combustion  of  oils.    Aromatic  or  essential  ;— test, 
qf  their  purity     effects  of  different  substances  on  them  ;— 
enumeration  of  substances  which  rank  along  with  these  oils ; 
— their  uses  in  the  arts.    Unctuous  oils;— differ  from  essen- 
tial ;— qualities  ;— whence  obtained  ;— substances  that  rank 
along  with  them      their  vises  in  the  arts.  Empyreumalic. 
oils;— whence   obtained  ;--uscs.     Bitumens  ;— how  pro- 
euied  ; — origin  of  bitumens ; — enumeration  of  them ; — they 
asc  of  very  groat  importance  in  the  arts.   Electric  quality  of 
amber. 

LECTURE  XIV. 

Of  Salts  in  general.  They  are  sapid  and  soluble  in  Ic.%\ 
than  200  times  their  weight  of  boiling  water; — some  arc 
crystallizable,  others  not ;— water  of  crystallization  ; — ef- 
florescence.— They  are  reckoned  to  be  simple  and  com- 
pound.. The  simple  arc  divided  into  two  classes — alkalies 
and  acids» 

Of 
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t)T  AtKAi.IES. — They  arc  acrid,  and  pungent. to  tii^ 

^astc;  tliey  turn  most  of  the  bUie  vngetable  colours  to 

gj-cen-  tlieory  of  this  cftect.    Alkahes  are  divided  into 

tliree  soecies.  1,  Vegetable  alkali  or  potash  ; — characters  ; 
origin  with  oil  it  forms  soft  soap  ; — uses  of  potash  in  the 
arts.  2'.  Mineral  alkali — soda  •— chariacters  ;— origin  ;-"with 
oil  it  forms  hard  soap  ; — art  of  the  soap  boiler ; — uses  of 
soda  in  the  arts,  and  in  domestic  economy.  3.  Volatile 
lUktili — ammoniac; — characters; — composition;  theory  of 
its  production  ;— -its  effects  in  curing  the  bite  <?f  the  Copra 
Capcllo  ; — uses  in  the  arts. 

LECTURE  XV. 

Of  Acids  ; — their  general  characteristics.  They  unite 
with  alkalies;— ctVcrvoscence.  Basis  of  acidity.  Acids  pos- 
sess two  states  of  acidity.  Some  acids  may  be  decomposed, 
others  cannot.  Enumeration  of  thu  substances  that  decom- 
pose acids  ; — theory  of  their  decomposition.  Acids  may  be 
ai-ranged  into  four  classes. 

Class  A. — Acids  with  known  simple  radicals. 

Species  a.  Svlphuric  add.  Character  ; — produc- 
tion ; — its  affinity  with  water ; — production  of 
heat ;  theory  : — production  of  cold ;  theory : — 
affinity  with  alkalicjj'— compounds ;— with  oils. 
Sulphurcous  acid  ; — uses  of  these  acids  in  the 
arts. 

LECTURE  XVI. 

Species  h.   Nitric  add.    Character  ; — protiuction 

union  with  water; — art  of  the  engraver.  This 
acid  acts  violently  with  oils  : — theory  : — affinity 
with  caloric  ;  nitrous  air  ; — properties  of  this 
air  :— affinity  of  this  acid  with  alkalies  ; — nitre, 
L'ses  in  the  arts.    Nitrous  acid. 

Species 
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Species  C  Carbonic  add;  to  be  noticed  when  treating 
of.limc. 

d.  Phosphoric  ac/c? ---character --production  ;-- 
affinity  \Tith  alJialies  ;—piiospiioric  air ;— pro- 
perties.   Usesoof  this  acid.    Phosphorous  acid. 

e.  Arsenic  acid; 

f.  Tungstdiic  acid; 

g.  Molybdenic  acid ;  belong  to  the  fii-st  class  of 
acids.  They  shall  be  noticed  when  tlic  metals 
which  form  their  radicals  are  spoken  of. 

LECTTURE  XVII. 

€lass  B.    Includes  acids  of  wHich  the  radicals  are  not 
ascertained  to  be  simjjle. 
Species  a.  Muriatic  acid  ;— production  character 

affinity  with  oxygen  ;— oxygenated  muriatic 
acid  ;— qualities  of  this  acid  ;— art  of  bleach- 
ing. Union  of  muriatic  acid  with  alkalies  ;— 
culinary  salt ;— manufacture  of  sea  salt;  salt 
marshes  and  springs ;  rock  salt  j  manufacture  of 
sal  ammoniac*  Union  of  the  oxygenated  acid 
with  alkalies  ;--detonating  powder;  effects  of 
oxygenated  muriatic  gas  on  inflammable  bodies. 

b.  Fluoric  acid ;  to  be  noticed  when  treating  of  the 
earths, 

c.  Boracic  acid ;— its  crystalline  form  ;— origin  ; 
union  with  alkalies.  Borax ; — whence  procured ; 
— character; — use  in  the  arts. 

Class  C.    Acids  with  binary   compound-  radicals  ;— 
formation  and  general  character. 
Species  a.  Succinic  acid  ;~i.  Citric  acid  ;— c.  Gallic 
acid  ; — d.  Malic  acid  ; — e.  Benzoic  acid  ; — 
j:  Tartarous  acid  ;— Oxalic  acid  ;~/i.  Cam- 
phoric 
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phoric  acid; — i.  Pyrotartarous  acid; — hJPy- 
romucous  acid  ; — L  Pyroli^neous  acid  ; — 
311.  Acetous  acid  ;  to  be  treated  of  under  vege- 
table productions.  . 
Class  D.  Acids  with  ternary  compound'  radicals  ; 
general  character. 

Species  a.  Lactic  acid  ; — b.  Saccholactic  acid  ; — c.  Sc- 
bacic  acid  ; — d.  Lithic  acid ; — e.  Formic  acid  ; 
— -/".  Bombic  acid  ;---g.  Prussic'  acid ;  to  be  no- 
ticed under  animal  productions. 

LECTURE  XVIIL 

Of  Earths. — General  view  of  the  distribution  of  earthy 
bodies  in  the  globe  ; — primary  and  secondary  rocks ; — ^of 
the  fomiation  of  strata  ; — of  the  agency  of  ftre  and  water  in 
the  formation  of  the  earth  ; — theories  of  the  earth — they 
display  more  the  ingenuity  than  the.  judgment  of  their  aiu- 
thors.:— -Cosmogeny  of  Moses-r-it  is  not  so  inconsistent 
with  the  known  laws  of  nature  as  is  generally  supposed.  ' 

Earth  was  considered  an  clement  by  the  ancifcnts  ;— -i'n- 
comljustibility  of  it. — Enumeration  of  the  different  species 
of  earths. 

Lii^ClLRE  XIX. 

Or  Calcarious  "Earth',  or  Lime.  Origin  ; — never 
found  in  an  uncombined  state  in  nature ; — marble  ; — calca- 
rious' crystals  and  petrifactions  -.-•'-iliarlcs  ;  theory  of  their 
iirigin  :— of  (ho  formation  of  limcistonc. 

Calearious  earth  ■  unites  with   acids  :— ^of'  sulphate'-  of 
lime: — gypsum  vciy  useful  in  the  fine-.ai'ts:---nitrate  of' 
lime-: — muriate  of  lime  ;  its  refrigerating- po-A'cr  ;  iiic  in*th6 
irts  :— liine  also  forms  compounds  with  all  tiie  othef  acids; 
i  'Lire  lime  renders  mild  alkalies  caustiv.    Action  of  heat  on 
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calcarioiis  earth  : — quicklime  ;-.~llicor)'  of  tlie  production  of 
heat  in  slacking  it  : — liinc  -water.  Formation  of  amnionia- 
cal  gas  from  ammoniacal  salts  by  quicklime^ : — manufacture 
of  pure  ammoniac  ; — theory. 

LECTURE  XX. 

PiiODUCTioy  of  carbonic  acid  gas  from  marble,  &c. ; — 
its  qualities  ; — Grotto  del  Cano  ; — medicinal  acidulous  wa- 
ters ; — theory  of  petrifying  springs:— -uses  of  this  gas.  Lime 
is  of  extensive  use  in  .the  arts.,  Of  Derbyshire  spar  ; — flu- 
oric acid  ; — art  of  engraving  on  glass. 

LECTURE  XXL 

Of  Barytes.  It  is  found  united  with  the  sulphuric  and 
carbonic  acids  : — calcined  barytcs  absorbs  water  rapidly  and 
heat  is  given  out : — it  is  soluble  in  water,  and  crystallizable ; 
— properties  of  its  crystals.  Sulphate  of  barytes  ; — prepa- 
ration of  the  Bolognian  phosphorus.  Carbonato-of  barytes. 
Muriate  of  barytes; — use  in  the  arts. 

Or  STnoNTiTES  : — generally  found  united  with  the 
carbonic  acid  ; — calcined  it  absorbs  water  and  gives  out 
hent : — soluble  in  water.  Sulphate  of  strontites  : — nitrate  of 
strontitcs  : — jnuriate  of  strontites.  Pure  strontites  decom- 
poses all  the  sulphates. 

Of  Magnesia  : — generally  found  as  a  constituent  part 
of  stoney  substances  as  talc,  soap  stone,  steatites,  asbestus, 
vSic.  It  is  well  known  in  the  form  of  a  white  powder  used 
in  medicine.  Carbonate  of  magnesia  more  soluble  than 
the  pure  earth  : — phosphorescent  effect  on  being  thrown  into 
im  acid  ; — sulphate  of  magnesia  ; — preparation  of  Epsoiu 
salts.  Nitrate  of  magnesia.  Muriate  of  magnesia.  Uses 
of  magnesia  in  medicine  : — in  the  arts. 
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LECTURE  XXII. 

Of  Argillaceous  Earth,  or  Alumis^e  : — found 
in  a- pure  state  at  Halle  only; — when  pure  it  is  not  soluble 
in  water  contracts  on  leing  subjected  to  heat; — unites 
without  effervescence  \vith  acids  ;— -sulphate  of  aluniing  ; — 
alum  ;— -found  native,  ,  near  volcanoes  ; — manufacture  of 
alum  ;t--usc  in  the  arts^. .  Sulphure^  of  alum.  '  Pyrophorus 
of  Hombcrfl'.  Aluinine  unites  with  the  nitric  and  muriatic 
acids ; — acetite  of  alumine  :-'-art  of  printing  calico.  Clays. 
Manufacture  of  porcelain.    Of  the  adamantine  spar. 

LECTURE  XXIII. 

Or  SiiiEJf.  It  is  a  copious  production  of  nature; — na- 
tural history  pf  it ; — insoluble  in  water ; — soluble  in  one  acid 
only ; — unites  with  alkalies  ; — manufacture  of  glass  ; — Reau-- 
mer's  porcelain  ; — liquor  of  flints  ; — art  of  preserving  writ- 
ings from  fire.  Silicious  earth  is  deposited  in  incrustations 
froui  the  water  .of  the  Geyser  in  Iceland  ; — theory,  Sili- 
cious petrifactions  ; — theory. 

CiivcoN,  Earth  : — character  ; — it  forms  a  glass  with 
hprax. 

Glucine  Earth  : — character  ; — saccharinQ  nature  of 
its  salts. 

LECTURE  XXIV. 

Of  Compoun*d  Stones  : — the  emerald  : — the  ruby 
the  garnet : — shorl  : — felt  spar — used  in  the  manufacture  of 
porcclai;i : — one  species  l^as  a  property  of  curiously  refract- 
ing light.  Lapis  lazuh  : — character  ; — manufacture  of  ul- 
tramarine. Granate  ;— opinion  that  it  forms  the  primordial 
nuchis  of  our  globe  : — of  the  agency  of  fire  in  its  formation. 
l^orp/ii/ri/,     BasaUcs  or  Jf  '/iin  stone  .-—character  ; — vitrifi- 
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cation  of  whin  stone ; — vitrified  forts  of  the  ancient  Cale- 
donians : — discovery  of  soda  in  the  composition  of  basaltes. 
Lava.  History  of  volcanoes  ; — theory : — lava  when  cooled 
in  small  quantity  assumes  the  form  of  glass  ; — theory. 

LECTURE  XXV. 

Of  Metals.  Ores  : — they  are  found  in  veins  combined 
with  earthy  matters.  Method  of  treating  ores  : — art  of  es- 
saying. Of  Pyrites  : — general  characteristics  of  metals  : — 
some  are  malleable,  others  fragile  : — alloys  : — art  of  gilding, 
silvering,  tinning,  soldering  : — oxydation  of  metals  : — me- 
tallic colours  : — the  art  of  making  artificial  gems  : — of  ena- 
melling ; — enamel  and  porcelain  painting  ; — glazing  of  pot- 
tery. Reduction  of  the  oxyds  of  metals; — theory.  Mchils 
are  soluble  in  acids.  Metals  arc  divided  into  perfect  and 
imperfect. 

LECTURE  XXVL 

Of  Gold  : — character: — natural  history  of  it: — solution 
of  gold  in  aqua  regia: — precipitations  of  it : — aurum  fulmi- 
nans  ; — theory.  Amalgams  : — nature  of  a  mixture  of  gold 
and  iron.  Cupellation.  (Juartation.  Tin  precipitates  gold 
of  a  purple  colour. 

Of  Silver  : — character  : — natural  history  : — solution 
of  it  in  the  acids  : — precipitation  ; — lunar  caustic  : — fulmi- 
nating silver  ; — theory: — arbor  Diana?  : — afiinities  of  silver 
with  other  ractals. 

Of  Pl.itixa  :— character  ; — only  lately  known  in  Eu- 
rope. Soluble  in  the  oxygenated  muriatic  acid  only  :— 
precipitated  by  alkalies.  Combination  of  platina  with  other 
metals. 
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LECTURE  XXVII. 

Of  Mercuiiy  : — its  fluid  form  : — nntiiral  history  ;-t. 
rendered  solid  and  ductile  by  very  intense  artificial  cold  : — 
soluble  in  heated  sulphuric  abul  :- — very  soluWc  in  nitric  acid  ; 
— precipitates  ; — explotling  powder ;— theory.  Combination 
"of- mercury  and  sulpliur — cinnabar.  Mercury  amalgamates 
uith  many  'of  the  metals  maiaulacturc  of  looking  glasses. 
Preparation  of  the  silver  ti'ee. 

Of  Lead  : — character-: — natural  history  : — granulation 
of  it  : — manufacture  of  shot.  Oxydation  ; — massicot  ; — 
minium  ; — Icthargc  ; — glass  of  lead.  Lead  soluble  in  the 
nitric  acid  : — in  the  acetic  acid  ; — sugar  of  lead.  Oil  -dis- 
solves oxydsoflead; — oil  .colours.  Combination  with  the 
other  metals. 

LECTURE  XX\'I11. 

Of  Copper: — character  : — natural  history.    Beauty  of 
Its  oxyds  ; — it  rusts  in  moist  air; — solution  in  acids.  Ma.- 
nufacture  of  verdigrise ; — precipitates.  Alkalies  dissolve  co[y 
per.    Oils  and  sulphur  dissolve  it.     tombination  wit^  .th^ 
other  metals : — bronze  : — tombach.   Ancient  uses  of  copper. 

Of  Irox  : — character  : — natural  history.  Method  of 
rendering  it  malleable  : — cementation  : — steel.  Magnetic 
power  of  iron.  Action  of  acids  on  iron  : — cocoltliar; — 
manufacturl;  of  English  brown  red.  Chalybeate  springs, 
IVIanufacture  of  Prussian  blue : — of  ink.  Union  of  iron  with 
other  substances  : — pyrites. 

LECTURE  XXIX. 

Of  Tlx  .- — natural  history  :— fuses  at  a  low  temperature: 
---putty.    Tin  does  notqn-opcrly  rust: — tinning  of  melal 
vessels.    A'Ctionof  acids  on  tin  ; — use  in  the  dying  of  scar- 
let. 


